Abstract:
Introduction
Tyrosine (Tyr) is an amino acid comprising 1 to 6 percent by weight of most proteins. It is an essential amino acid for some animals; i.e., they cannot synthesize it and require dietary sources. Other species, including humans, can convert the essential amino acid phenylalanine to Tyr. It is a building block for the neuro-transmitters epinephrine, norepinephrine, serotonin and dopamine [1] [2] [3] as well as melanin. It helps the function of organs responsible for making and regulating hormones, including the adrenal, thyroid, and pituitary glands. Tyr deficiency is rare. Low levels have been associated with low blood pressure, low body temperature, and an underactive thyroid. Trace levels modulate and control acetylcholine receptors' metabolic stability in muscle cells [4] . Uric acid (UA) is an indicator of kidney function.
The rapid and sensitive measurement of blood Tyr is important. There are numerous methods for its determination in biological samples including spectrophotometry [5] , fluorimetry [6] , liquid chromatography-tandem mass spectrometry [7] , gas chromatography-mass spectrometry [8] , and highperformance liquid chromatography [9] . Although accurate, all are time-consuming and expensive so their application is limited; improved techniques are needed. Methods for Tyr determination at modified electrodes have been reported [10] [11] [12] [13] [14] [15] [16] [17] as well as electrochemical methods for determination of UA [18] [19] [20] [21] . Carbon nanotubes (CNTs) possess high electrical conductivity, high surface area, chemical stability, and significant mechanical strength [22] . Built from sp Tyrosine (Tyr) was quantitated with high sensitivity and selectivity in the presence of uric acid (UA) using a carbon paste electrode modified with multi-walled carbon nanotubes. Tyr and UA were catalytically oxidized with diffusion-controlled characteristics. They were determined simultaneously by differential pulse voltammetry with a potential difference of 350 mV. The electrocatalytic currents increase linearly with Tyr and UA concentrations 4×10 and 5.1×10 -8 M respectively. In the presence of sodium dodecyl sulfate the Tyr detection limit improved from 1×10 -7 to 6.9×10 -8 M. The electrode was successfully used to quantitate Tyr and UA in serum. Cent. Eur. J. Chem. • 10(6) • 2012 • 1824 -1829 DOI: 10.2478 In this work Tyr was determined at a carbon paste electrode (CPE) modified with MWCNT (CPE-MWCNT) under three circumstances: (1) Tyr concentration by direct DPV detection, (2) Tyr determination in the presence of SDS, and (3) the simultaneous determination of Tyr and UA. As there has been no report of the effect of surfactant on Tyr determination this question was also examined.
Experimental procedure

Apparatus
All electrochemical studies were performed with a threeelectrode assembly. The working electrode was a carbon paste electrode (CPE) modified with MWCNT (CPE-MWCNT) or bare CPE, the auxiliary electrode was a platinum wire, and the reference electrode was Ag/AgCl. Cyclic voltammetry (CV), differential pulse voltammetry (DPV), chronocoulometry (CC), and chronoamperometry (CA) experiments were performed using a computerized potentiostat/galvanostat (Autolab PGSTAT30, Eco. Chemie, Utrecht, Netherlands) controlled with general purpose electrochemical system (GPES) software.
Reagents
l-tyrosine, uric acid, mineral oil, graphite powder, alanine, glycine, arginine, phenylalanine, methionine, proline, and leucine were from Merck. MWCNT with purity of > 95% (40-60 nm diameter) was from the Chinese Academy of Science. Phosphate buffers (0.1 M) were prepared from ortho-phosphoric acid and its salts. All reagents were of analytical grade and used as received. All solutions were freshly prepared with redistilled water.
Preparation of CPE-MWCNT
1.0 mg of MWCNT was added to 5 mL redistilled water and sonicated for 30 minutes in an ultrasonic bath yielding a stable and homogeneous suspension. This was added to 0.5 g graphite powder in a small mortar, allowed to evaporate at room temperature, then homogenized. The resulting paste was pressed manually into the electrode body cavity and the surface smoothed against clean paper. The paste was replaced after each measurement.
Results and Discussion
Electrochemical behavior of Tyr at the CPE-MWCNT
Tyr in pH 3. 0 phosphate buffer was examined by cyclic voltammetry at the CPE-MWCNT. Figs. 1a,1b show the voltammograms in the presence and absence of Tyr. The voltammogram of Tyr at a bare CPE is shown in Fig. 1c . Tyr has only an oxidation peak from 0.2 to 1.2 V at the CPE or CPE-MWCNT, suggesting that the process is totally irreversible. The Tyr oxidation peak at a CPE-MWCNT is twice as high as that obtained at a CPE. This remarkable enhancement by MWCNT might be caused by their nanometer dimensions, the electronic structure, or surface topological defects.
Effects of scan rate and solution pH
As the relationship between peak current and scan rate can provide useful mechanistic information, the effect of scan rate on the Tyr peak current was investigated by CV (Fig. 2) . A linear relationship between peak current and the square root of scan rate in the range of 10-250 mV s -1 (Fig. 2 inset a) was observed, indicating a diffusion-controlled step: According to Laviron's theory, the slope is equal to 2.303RT/αnF [25] . In our experiment, the relationship between the oxidation peak potential and logarithm of υ (scan rate) was: E pa = 0.1117 log υ + 0.7458 (r 2 = 0.9948)
For a totally irreversible electrode process α is assumed to be 0.5, implying n = 1.0, or that one electron is involved in Tyr oxidation at the CPE-MWCNTS.
The effect of pH between 2.0 and 8.0 was investigated to optimize the electrocatalytic response. The current decreased from pH 3.0 to 8.0; a pH of 3.0 was chosen (Fig. 3) . The peak shifts linearly towards negative potential with increasing pH (inset in Fig. 3 ), indicating that protons are directly involved in Tyr oxidation: E pa = -0.053 pH + 0.969 (r 2 =0.999)
The slope of 0.053 V/pH shows that the proton transfer number (m) equals the electron transfer number (n). Tyr is known to be oxidized via a one electron and one proton process. The mechanism at the surface of the CPE-MWCNT is proposed in Scheme 1 [26] .
3.3.
The signal in CA and CC for Tyr oxidation at the CPE-MWCNT is described by the Cottrell equations [27, 28] .
The number of electrons (n) 
3.4.
Under the optimum conditions above, DPV was used to estimate the Tyr limit of detection. As shown in Fig. 5a the peak height is linear in Tyr concentration from 4×10 -7 to 1×10 -4 M:
I pa (µA) = 0.1878 C (µM) +0.0653 (r 2 =0.999).
The detection limit (3σ) is 1×10 -7 M and the RSD for 2×10
-5 M Tyr is 3.24% (n=10), demonstrating the high reproducibility of the modified electrode.
When the cationic surfactants hexadecyltrimethylammonium bromide (HTAB) or tetradecyltrimethylammonium bromide (TTAB) were 
Chronocoulometric and chronoamperometric measurements Electrochemical determination of Tyr in the absence and presence of surfactants
Electrochemical determination of tyrosine in the presence of uric acid at a carbon paste electrode modified with multi-walled carbon nanotubes enhanced by sodium dodecyl sulfate used at pH 3.0 (Tyr concentration constant) the current gradually decreased with increasing solution surfactant concentration. However, when the anionic surfactant sodium dodecyl sulfate (SDS) was added instead the behavior was opposite. By using 2×10 -4 M SDS in the cell (Fig. 5b ) the current increased and the detection limit was improved from 1×10 -7 to 6.9×10 -8 M:
I pa (µA) = 0.3348 C (µM) -0.0075 (r 2 =0.999)
As its isoelectric point is 5.66, Tyr is positively charged at pH 3. A hydrophobic ion pair forms with SDS which reacts more easily and improves the detection limits. This improvement may also result from increased Tyr diffusion to the electrode surface. Adding SDS to the electrode had no effect.
The linear range at the modified electrode is extended [10-17]. The detection limit at the CPE-MWCNT was lower than that obtained at a butyrylcholine modified GCE, a MWCNT modified GCE [10, 12] , or borondoped diamond [11] , and reached a minimum by using SDS.
Simultaneous determination of Tyr and UA
Millimolar uric acid is present in biological fluids. The modified electrode completely separates the peaks by 350 mV. When the Tyr concentration was kept constant at 2×10
-5 M and the UA concentration increased gradually from 1×10 -6 to 9.8×10 -5 M (Fig. 6 ):
I pa (µA) = 0.4995C (µM) + 0.4658 (r 2 = 0.9992)
The UA limit of detection (3σ) in the presence of Tyr is 5.1×10 -8 M. There were no changes in the Tyr peak current or potential. When the UA concentration was kept constant (8×10 -6 M) the peak current of Tyr (2×10 -6 -5.3×10 -5 M) increased linearly ( Fig. 7 ):
I pa (µA) = 0.1843C (µM) +0.0722 (r 2 =0.9977).
The limit of Tyr detection (3σ) in the presence of UA is 1.0×10 -7 M. Finally, the concentration of both analytes was increased. The dependence of DPV peak current on the Tyr and UA concentrations is shown in Figs. 8a and 8b. The Tyr sensitivity was 0.1843 AM -1 , whereas the sensitivity towards Tyr in the absence of UA was 0.1878 AM -1 . This independence of Tyr sensitivity to UA means that the oxidation processes of Tyr and UA are independent. Thus, this method has high selectivity and sensitivity.
Interferences
The method showed good selectivity for Tyr 
Sample analysis
Practical application of the method was established by determination of Tyr and UA in human plasma by the method of standard additions. Prior to analysis the samples were diluted 50 times in pH 3.0 phosphate buffer. The method's accuracy in the determination of real samples is shown in Table 1 .
Conclusion
A multi-walled carbon nanotube modified carbon paste electrode was used for the sensitive determination of Tyr. The electrode was quite stable, simple to prepare, easily renewed, and had low cost.
The CPE-MWCNT exhibits high electrocatalytic activity for oxidation of Tyr and UA in the presence of other potentially interfering species. DPV of a solution where both Tyr and UA were present separated their oxidation peaks by 350 mV. Determinations of Tyr and UA in serum samples demonstrated excellent agreement with clinical laboratory values. The method represents a new alternative for a quick, highly sensitive and selective quantitation of Tyr in the presence of a large excess of UA with detection limits comparable to those of other methods. 
